. Mass Spectrometry identification for subunits of ovine SC I+III2, CI and CIII2, Related to Figure 1 Table S2. Lipid content of isolated SC I+III2 particles compared to mitochondrial membranes, Related to STAR methods (B) Altering the gradient profile resulted in a second peak of NADH:FeCy activity associated with high A420 signal, indicating the presence of heme groups. (C) Re-running the second peak from (B) over anion-exchange resulted in the separation of peaks containing NADH:FeCy activity and most of A420 signal alone. (D) Running the second peak from (B) over size exclusion chromatography column also resulted in the separation of peaks containing NADH:FeCy activity and most of A420 signal alone. (E) Running of peak containing NADH:FeCy activity from (C) resulted in highly enriched sample of CI. (F) SDS-PAGE gel of A420 containing peak from (C) with CIII2 subunits identified by mass spectrometry (MS). (G) SDS-PAGE gel of NADH:FeCy activity containing peak from (E) with CI subunits identified by MS. (H) SDS-PAGE showing SC I+III2 sample in amphipol A8-35 ( Figure   1C ), isolated CI (Figure S1E) and isolated CIII2 (Figure S1C) . Each lane was cut into 31 approximately even bands (indicated on right-hand side of each lane), which were each subjected to MS analysis for protein identification. The results of MS analysis are shown in Table S1 and the corresponding band for each subunit is indicated. The total amount of protein loaded in the gel was not controlled cyt c reduction (bottom). Activity is reported as Units (1 U = 1 µmol substrate/min per mg of SC I+III2). Data plotted as mean ± SEM. Regardless of the broader high-activity range in the phosphate buffer, the overall cyt c reduction activity was lower compared to HEPES. This is likely due to the known strong dependence of the interaction between CIII2 and cyt c on ionic strength. Therefore, HEPES buffer was used throughout for further activity measurements.
Figure S3. Inhibition of SC I+III2 activities by known CI and CIII2 inhibitors, Related to Figure 3
Relative inhibition vs. concentration (left) and percent inhibition vs. log10([inhibitor]) (right) are shown for inhibition of both NADHoxidation (top) and cyt c-reduction (bottom) for each inhibitor. Inhibition was measured with either ~10 nM or ~5 nM SC I+III2 as indicated for each panel. (A) The CI inhibitor rotenone gave an IC50 of 10.5 ± 1.1 nM for NADH oxidation and 14.4 ± 1.0 nM for cyt c reduction, with Hill coefficients of 1.2 ± 0.1 and 0.97 ± 0.04 respectively, consistent with the single known rotenone binding site.
(B) The CI inhibitor piericidin A gave an IC50 of 6.5 ± 1.1 nM for NADH oxidation and 12.5 ± 1.1 nM for cyt c reduction, with Hill coefficients of 1.1 ± 0.1 and 0.97 ± 0.6 respectively. (C) The CIII2 QP-site inhibitor myxothiazol inhibited 97 % of the cyt c-reduction activity at 1 µM with an IC50 of 19.7 ± 1.0 nM. However, myxothiazol only inhibited ~83 % of the NADH-oxidation activity, indicating that slow oxidation of NADH is possible under these conditions likely via exchange of DQH2 and DQ between the SC particles and bulk pool ( Figure 3L) . The IC50 for the NADH-oxidation activity is consistent with that for the cyt c-reduction activity, at 23.3 ± 1.1 nM and both activities show consistent Hill coefficients of 1.9 ± 0.3 and 1.7±0.1, respectively. (D) The CIII2 QN-site inhibitor antimycin A. Although strong inhibition is observed, neither the NADH-oxidation nor the cyt c-reduction activities show complete inhibition. Similar to myxothiazol, antimycin A inhibits ~80 % of the NADH-oxidation activity at 500 nM antimycin A, with IC50 of 13.5 ± 1.1 nM and a Hill coefficient of 2.5 ± 0.3. Antimycin A blocks less of the cyt c-reduction activity compared to myxothiazol, with ~88 % inhibition at 1 µM antimycin A, but the IC50 of 16.7 ± 1.1 nM and Hill coefficient of 1.8 ± 0.2 are consistent with the inhibition of NADH-oxidation. Inhibition of CIII2 with antimycin A is known to result in increased ROS production at the QP site. Due to the large amount of SOD present in our reaction buffer (50 U/mL), it is unlikely that the source of residual cyt c reduction would be via direct reduction of cyt c by superoxide. More likely an electron from CoQH2 is able to transfer through CIII2, via UQCRFS1 and CYC1, to cyt c, reducing cyt c at the native CYC1 binding site. The CoQ •thus generated at the QP-site would be converted back to CoQ through reaction with O2. However, more experiments are needed to confirm this hypothesis. One limitation of our isolated system, due to the lack of sealed membrane, is the absence of any membrane potential (Dy) or proton gradient (DpH).
Therefore, although we can measure the oxidase activity of CI we are unable to measure its coupled H + -pumping activity. This precludes direct demonstration that CI in the amphipol-stabilized SC I+III2 maintains strong coupling between electron transfer and H + -pumping. However, coupling can be indirectly measured using known amiloride Na + /H + -antiporter inhibitors that also inhibit CI.
(E) The ameloride inhibitor benzamil gave an IC50 for NADH-oxidation of 35.6 ± 1.1 µM and (F) the ameloride inhibitor MIA gave an IC50 of 8.6 ± 1.1 µM. While these data are indicative of coupling in CI, they must be interpreted with caution as the binding site of the amilorides has not been definitively determined. Data are represented as mean ± SEM. 
Figure S5. Focused refinements, Related to STAR Methods
(A) All CI-containing particles from the initial classifications ( Figure S4 ) were pooled and aligned by the CI peripheral arm. An additional round of 3D-classification around the CI peripheral arm was performed to remove any remaining poorly aligning particles.
The final set of 178,121 particles was then aligned, followed by re-centering and re-boxing of the particles focused on the CI peripheral arm using REP (D'Imprima et al., 2017) . The final 3D-reconstruction had a nominal resolution of 3.8 Å according to the gold-standard FSC method. (B) All good CIII2 containing particles (SC) from the initial 3D-classifiactions ( Figure S4C ) were combined and aligned around CIII2. An additional round of 3D classification was performed in order to remove any remaining poorly aligning particles. The final set of 102,314 particles was then aligned, followed by re-centering and re-boxing of the particles focused on CIII2 peripheral arm using REP. All alignments were performed locally, so that overall orientation of CIII2 vs SC was preserved. The final 3D-reconstruction had a nominal resolution of 3.9 Å according to the gold-standard FSC method. (C) The set of good CI peripheral arm containing particles were aligned by the CI membrane arm and then further classified to remove any remaining poorly aligning particles. The good CI membrane arm classes were combined into a final set containing 174,334 particles; re-centering failed to improve resolution or density features and hence was not performed for the final reconstruction. (Figure S5A) were classified into 10 classes using a mask for the CI membrane arm without rotational or translational searches. This resulted in the separation of seven classes of CI, which differed mainly in the angle between the membrane arm and peripheral arms (inset). The nominal resolution of these classes ranged from 4.1-6.5 Å according to the gold-standard FSC method. (B) Comparison of the original SC and isolated CI classes (Figure 4C) to focusrevert-classify classes with a histogram of particle counts shared between the original classes (see legend schematic) and each focus-revert-classify CI class (top, colored as in A). Figure S4) . (E) FSC curves between the models and final maps for the focused refinements (see Figure S5 ). (F) FSC curves between the models and final maps for the focus-revert-classify (FRC) classes (see Figure S6) . The resolution at FSC = 0.5 is shown for each curve in the legend as well as in Table 3 . Models for the low-resolution (>5Å) FRC classes (CI-open4, CI-open6, and CI-open7) are all poly-alanine and were only fit into the maps as rigid bodies without additional refinement. 
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